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(54) Rotogravure cylinder electroplating apparatus using ultrasonic energy 



(57) An apparatus for electroplating and deplating a 
rotogravure cylinder out of a plating solution includes a 
plating tank adapted to rotatably maintain the cylinder 
and to contain a plating solution so that the cylinder is at 
least partially disposed into the plating solution. The 
apparatus also includes a mounting structure mounta- 
ble within the tank partially on each side of and gener- 
ally below the cylinder, along with a plurality of 
conductors comprising elongate metallic strips at least 
partially disposed within the plating solution. A current 
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source is electrically connected to the upper portions of 
the conductor strips and to the cylinder. An ultrasonic 
system to introduce wave energy into the plating solu- 
tion includes at least one transducer element mountable 
within the tank and a power generator adapted to pro- 
vide electrical energy to the transducer element. A hold- 
ing tank having a circulating pump and heating and 
cooling elements for the plating solution may be pro- 
vided. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an apparatus for s 
electroplating a rotogravure cylinder using ultrasonic 
energy. 

RELATED APPLICATION 

This application is a continuation-in-part of an ear- 
lier application, serial no. 08/755,488, titled "Apparatus 
for Electroplating Rotogravure Cylinders Using Ultra- 
sonic Energy" filed November 22, 1996. 

BACKGROUND OF THE INVENTION 

In a conventional apparatus for the electroplating of 
a rotogravure printing cylinder, it is customary to rotate 
the cylinder (electrically charged as a cathode) in a tank 
filled with an electrolyte bath and copper bars or copper 
nuggets (electrically charged as an anode), as dis- 
closed in U.S. Patent No. 4,352,727 issued to Metzger, 
and incorporated by reference herein (wherein the cop- 
per nuggets are supported in a set of baskets made of 
titanium or of a plastic material and disposed around 
each side of the cylinder), or simply a plating solution. 

In the arrangement shown in U.S. Patent No. 
4,352,727, the top edge of the respective baskets are 
disposed below the surface of the electrolyte bath so as 
to ensure free circulation of constantly refreshed (i.e. fil- 
tered) electrolytic fluid or solution. Electrolytic fluid is 
pumped into the tank from a manifold adjacent to the 
bottom of one of the baskets, in the direction of cylinder 
rotation. The top of the rotating cylinder to be plated is 
disposed slightly above the surface level of the electro- 
lytic fluid so that a washing action occurs as the surface 
of the cylinder breaks across the surface of the electro- 
lyte. Ions move from the copper bars or nuggets through 
the electrolytic fluid to the surface of the rotating cylin- 
der during the plating process (or in the reverse direc- 
tion in the deplating process). Where plating is done 
directly from a plating solution, ions moves directly from 
the solution to the surface of the rotating cylinder. 

Over time, refinements of this system have facili- 
tated satisfactory control of the plating process, to 
achieve the desirable or necessary degree of consistent 
plating and uniformity in the plated surface of the cylin- 
der. However, the complete process is comparatively 
slow, and extra polishing steps may be necessary after 
plating in order to produce a desirable uniform surface 
(e.g. roughness on grain structure) on the cylinder. 
According to the known arrangement, the overall effi- 
ciency of the process necessary to produce a suitably 
uniform plated surface on the cylinder can be adjusted 
either by reducing the current density, which increases 
the plating time but reduces the number or duration of 
additional polishing steps, or by increasing the current 



density, which reduces the plating time but increases 
the number or duration of additional polishing steps. 

Furthermore, in the known arrangement, during 
operation, a copper sludge may tend to accumulate on 
and about the cylinder during the plating process, form- 
ing uneven and undesirable copper deposits, typically in 
areas of low current density (such as furthest apart from 
the copper cylinder). A copper sludge may also build up 
between the contact surfaces of the titanium baskets or 
lead contacts. Moreover, other surfaces may become 
fouled with sludge and other matter. 

Ultrasonic wave energy has been used successfully 
in surface cleaning applications. The long-known 
advantages in using ultrasonic energy in electroplating 
have also been described in such articles as "Ultrason- 
ics in the Plating Industry", Plating, pp. 141-47 (August 
1967), and "Ultrasonics Improves, Shortens and Simpli- 
fies Plating Operations," MPM. pp. 47-49 (March 1962), 
both of which are incorporated by reference herein. It 
has been learned that ultrasonic energy may advanta- 
geously be employed to improve the quality (e.g. uni- 
formity and consistency of grain structure) of a plating 
process by providing for uniformity and efficiency of ion 
movement. In other applications, it has been found that 
copper can be plated onto a surface in a production sys- 
tem using ultrasonic energy at up to four times the rate 
ordinarily possible, ft has also been found that the use of 
ultrasonic energy in an electroplating process provides 
an increase in both the anode and cathode current effi- 
ciency, and moreover, the practical benefit of faster plat- 
ing with less hydrogen embrittlement (e.g. with less 
oxidation of the hydrogen on the plating and deplating 
surfaces). 

Accordingly, it would be advantageous to have an 
apparatus configured to capitalize on the advantages of 
ultrasonic energy in the electroplating of a rotogravure 
cylinder. It would also be advantages to have an appa- 
ratus configured to use ultrasonic energy in the plating a 
rotogravure cylinder in order to obtain a more uniform 
and consistent grain structure on the plated surface of 
the cylinder through a more efficient process. It would 
further be advantageous to have a rotogravure cylinder 
plating apparatus employing ultrasonic energy to elimi- 
nate the build-up of copper (or other) sludge during the 
plating process. 

SUMMARY OF THE INVENTION 

The present invention relates to an apparatus for 
electroplating and deplating a rotogravure cylinder out 
of a plating solution. The apparatus includes a plating 
tank adapted to rotatably maintain the cylinder and to 
contain a plating solution so that the cylinder is at least 
partially disposed into the plating solution, a mounting 
structure mountable within the tank partially on each 
side of and generally below the cylinder, and a plurality 
of conductors comprising elongate metallic strips at 
least partially disposed within the plating solution. A cur- 
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rent source is electrically connected to the upper por- 
tions of the conductor strips and to the cylinder. An 
ultrasonic system introduces wave energy into the plat- 
ing solution. The ultrasonic system includes at least one 
transducer element mountable within the tank and a 5 
power generator adapted to provide electrical energy to 
the at least one transducer element. 

DESCRIPTION OF THE DRAWINGS 

10 

FIGURE 1 is a sectional end view of an electroplat- 
ing apparatus for a rotogravure cylinder according 
to a preferred embodiment of the present invention; 
FIGURE 2 is a plan and cut-away view of the appa- 
ratus of FIGURE 1; is 
FIGURE 3 is a perspective view of the apparatus of 
FIGURE 1 showing a basket system adapted to 
hold copper nuggets or the like; 
FIGURE 4 is a sectional end view of a plating tank 
of the apparatus of FIGURE 1 showing a cylinder 20 
and the basket system; 

FIGURE 5 is a sectional end view of a lifter for the 
apparatus of FIGURE 1; 

FIGURE 6 is a plan and cut-away view of a basket 
system for an electroplating apparatus according to 25 
an alternative embodiment; 
FIGURE 7 is a sectional end view of the apparatus 
of FIGURE 6; 

FIGURE 8 is a sectional end view of a transducer 
assembly and a basket system for an electroplating 30 
apparatus according to an alternative embodiment; 
FIGURE 9 is a sectional end view of a transducer 
assembly and a basket system for an electroplating 
apparatus according to an alternative embodiment; 
FIGURE 10 is a sectional end view of a plating tank 35 
according to an alternative embodiment; 
FIGURE 11 is a schematic diagram of the ultra- 
sonic transducer system; 

FIGURE 12 is a sectional end view of a plating tank 
according to an additional alternative embodiment 40 
configured to plate a rotogravure cylinder directly 
out of a plating solution; 

FIGURE 13 is a sectional and partial end view of a 
plating tank according to an additional alternative 
embodiment configured to plate a rotogravure cylin- 45 
der directly out of a plating solution; and 
FIGURE 14 is a sectional and partial end view of a 
plating tank according to an additional alternative 
embodiment. 

so 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGURES 1 through 4, a preferred 
embodiment of an apparatus for electroplating a roto- ss 
gravure cylinder is shown. Apparatus 110 includes a 
plating tank 12 having side walls 12a and 12b, and walls 
12d and 12e, and bottom 12c. Plating tank 12 as shown 



in FIGURE 1 contains an electrolytic fluid (e.g. copper 
sulfate or the like in an appropriate solution) indicated 
by reference letter F at a level (indicated by reference 
letter L) regulated by the height of a weir 72 (e.g. the top 
of side wall 12b). A rotogravure cylinder 20 to be plated 
(or deplated) is rotatably supported at its ends (e.g. 
upon an extending central shaft) to be submerged into 
the electrolytic fluid approximately one-half to one-third 
of the cylinder diameter. Cylinder 20 is rotatably sup- 
ported at its ends by bearings within a journal 22, in 
which it is rotatably driven by a suitable powering device 
(not shown). Cylinder 20, shown in the FIGURES as 
one of a standard size (e.g., having a diameter of 
approximately 800 to 1500 mm), is disposed in dose 
proximity to a basket system 30; according to alternative 
embodiments cylinders of other diameters may be 
accommodated. 

According to any preferred embodiment, the tank 
system and cylinder mounting and drive system are of a 
conventional arrangement known to those of ordinary 
skill in the art of rotogravure cylinder plating. In any pre- 
ferred embodiment, apparatus 10 will include a basket 
system 30 having one or a plurality of basket compart- 
ments 32 formed by a series of side and internal divid- 
ing walls 31. Basket system 30 in any preferred 
embodiment be disposed into the electrolytic fluid below 
level 70 of the electrolytic fluid. To ensure complete and 
constant exchange of the electrolytic fluid, the exterior 
side walls of basket compartments 32 are maintained 
below level L, otherwise the flow of electrolytic fluid may 
stagnate between basket compartments 32 and cylin- 
der 20 and may possibly cause overheating. The elec- 
trolytic fluid is itself of a composition known to those of 
ordinary skill in the art of electroplating, for example a 
solution of 220 to 250 gram/liter copper sulfate and 60 
gram/liter sulfuric acid, to fill plating tank 12 to level L. 

As shown in FIGURE 2, basket compartments 32 of 
concavo-convex basket system 30 contain nuggets 34 
of a metallic material such as copper to be plated onto 
(or deplated from) cylinder 20. Basket compartments 32 
and partitioning walls 31 (shown in FIGURES 2 through 
4) are formed from a suitable metallic material, typically 
titanium, or in an alternative embodiment, from a suita- 
ble plastic material such as polypropylene (as shown in 
FIGURE 7). The arrangement of a basket system of this 
basic type is disclosed in U.S. Patent No. 4,352,727 
issued to Metzger, which is incorporated by reference. 
As shown, the basket compartments 32 of basket sys- 
tem 30 have concave walls that are disposed towards 
the surface of cylinder 20. According to a preferred 
embodiment, the distance between the anode surface 
of basket system 30 to the cathode surface of cylinder 
20 is approximately 40 to 60 mm. According to any pre- 
ferred embodiment of the present invention, basket sys- 
tem 30 does not encompass any substantial portion of 
the outer perimeter of cylinder 20. (This relationship 
may vary in alternative embodiments which employ a 
basket system of a larger size relative to the cylinder.) 
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As shown in FIGURES 3 and 4, basket system 30 is 
suspended from a pair of rails 40 extending along walls 
12a and 12b of plating tank 12 by a series of hangers, 
shown as lead anodes 42. (Rails 40 are shown mounted 
from a reinforcing structure 41 in FIGURE 1; according 
to an alternative embodiment, the ends of rails 40 may 
be supported by the tank ends or side walls.) 

Lead anodes 42 provide electrical connection to 
rails 40 (e.g. bus bars), across basket system 30 and 
through basket compartments 32 in a manner so also to 
provide an electrical connection to electrically-conduc- 
tive nuggets 34. (According to a preferred embodiment, 
high phosphor copper mini-nuggets, preferably 0.04 to 
0.06 percent phosphor, are used.) As shown in FIG- 
URES 3 and 4, nuggets 34 are contained in basket 
compartments 32 with overlaid plastic sheeting 36 
(shown cut away in portions to reveal nuggets 34). 
(Plastic shield plates may be used when a cylinder of 
shorter length is plated so as to prevent over-plating at 
the cylinder ends.) According to this embodiment, lead 
anodes 42 (e.g. curved flat strips) serve as the struc- 
tural supports (i.e. hangers) for basket system 30. Lead 
anodes 42 are mechanically fastened and electrically 
coupled to current-carrying rails 40 at junctions employ- 
ing fasteners, shown as bolts 100. (According to a par- 
ticularly preferred embodiment, the inner walls of basket 
compartments 32 have perforations and the outer walls 
of basket compartments 32 are solid, except for two 
rows of holes near their tops which enable the flow of 
plating solution through basket compartments 32.) 
Upper portions 42a of the lead anode strips 42 are dip 
coated to protect them from the electrolytic fluid; and 
lower portions 42b of lead anodes 42 are exposed and 
positioned within basket compartments 32 to maintain 
electrical contact with copper nuggets 34. In operation, 
the packing of copper nuggets 34 around and between 
lead anodes 42 and cylinder 20 to be plated protects 
lead anodes 42 against wear. 

For plating the cylinder, the rails are connected to 
an anode side of a plating power supply (e.g. a current 
source of known design) and the cylinder is connected 
to a cathode side of the power supply; for de-plating, the 
anode-cathode connections are reversed. When the 
cylinder is printed out (i.e. after having been plated and 
etched), it is returned to the plating apparatus and 
deplated so as to return the copper to the nuggets. 

Referring to FIGURES 1 through 4 (and also FIG- 
URES 7 through 9), shown disposed lengthwise along 
the bottom surface of basket system 30 (e.g. bonded or 
securely mounted thereto) are ultrasonic transducer 
elements 50. Transducer elements 50 (shown as four 
elements 50a through 50d in FIGURES 1 through 4 and 
7) are electrically coupled to a control system (shown 
schematically in FIGURE 10) and are provided to intro- 
duce ultrasonic wave energy into plating tank 12. Trans- 
ducer elements 50 can be of any variety known in the 
art. According to a particularly preferred embodiment, 
the transducer elements are designed to provide for 



operation in a frequency range of 15 to 30 KHz (cycles). 
In the exemplary embodiment shown in FIGURE 1, two 
of the four transducer elements (e.g. outer transducer 
elements 50a and 50b) are configured and positioned in 

5 relation to basket system 30 as to assist with the plating 
process directly (e.g. to facilitate consistency of ion 
migration through the electrolytic fluid); the remaining 
two transducer elements (e.g. inner transducer ele- 
ments 50c and 50d) are configured and positioned in 

to relation to basket system 30 as to provide a cleaning 
function and maintain nuggets 34, cylinder 20 and other 
elements of and about basket system 30 free of copper 
sludge and other fouling buildup. 

As shown in FIGURE 1, according to a preferred 

is embodiment, the electrolytic fluid supply system func- 
tions as a closed circuit system. A supply of electrolytic 
fluid F is provided into plating tank 12 by at least one 
spray bar 62 (two are shown), which consists of a sec- 
tion of pipe or tube extending laterally along or near the 

20 bottom of plating tank 12. Each spray bar 62 has a 
series of apertures 62a along its length (as shown at 
least partially in FIGURE 2) that provide for a constant 
and relatively well-dispersed flow of electrolytic fluid into 
plating tank 12 from a holding tank 14 (e.g. a reservoir). 

25 Holding tank 14 is formed of side walls 14a and 14b, a 
bottom 14d, a top 14c, and end walls 14d and e, and is 
disposed beneath plating tank 12 (e.g. top 14c of hold- 
ing tank 14 matches bottom 12c of plating tank 12) so 
as to capture any flow of electrolytic fluid travelling over 

30 weir 72 in plating tank 12. (Electrolytic fluid F is main- 
tained at its own level in holding tank 14.) Electrolytic 
fluid may build up heat and increase in temperature over 
time during the plating (or deplating) process and there- 
fore holding tank 14 is equipped with a fluid cooling sys- 

35 tern 16 (e.g. a suitable heat exchanger for such fluid of 
a type known in the art). Likewise, electrolytic fluid may 
need to be heated from an ambient temperature to a 
higher temperature at the outset of the plating process 
and therefore holding tank 14 is also equipped with a 

40 fluid heating system 18 (e.g. a suitable heat exchanger 
for such fluid of a type known in the art). The tempera- 
ture regulating system for the plating solution can be 
coupled to an automatic control system that operates 
from information obtained by temperature sensors in or 

45 near one or both tanks, and to control other parameters 
that may be monitored during the process, according to 
known arrangements. 

During the entire electroplating process, the elec- 
trolytic fluid is constantly being filtered and the ultra- 

so sonic system is constantly running. Before the 
electroplating process begins, the ultrasonic system 
can be energized to provide for agitation of electrolytic 
fluid and for cleaning of the basket system (to eliminate 
metallic sludge) to provide for better contact between 

55 the metal nuggets and the titanium basket compart- 
ments and lead anodes (or the lead anodes themselves 
in an embodiment having plastic basket compartments). 
A pair of supply pipes 60 feed spray bars 62 with a 
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supply flow of electrolytic fluid. Supply pipes 60 each 
are coupled to a circulation pump 64 and a filter 66 (con- 
figured and operated according to a known arrange- 
ment). Circulation pumps 64 draw electrolytic fluid F 
from holding tank 14 into inlets 61 in each of supply 
pipes 60 and force it under pressure through filters 66 
and into spray bars 62 where (having been filtered) it is 
reintroduced through apertures 62a into plating tank 12 
for the electroplating process. Each of spray bars 62 
extends along the bottom of plating tank 12, rising hori- 
zontally from holding tank 14 and turning at an elbow 68 
to run horizontally along and beneath basket system 30. 
According to alternative embodiments, the apparatus 
could include one pump and filter coupled to either a 
single spray bar or a spray bar manifold system, or any 
other combination of elements that provide for the suit- 
able supply of electrolytic fluid into the plating tank. 

Referring to FIGURE 2, a top (and broken away) 
view of basket system 30, plating tank 12 and holding 
tank 14, rails are shown disposed on a set of lifters (one 
is shown as hydraulic cylinder assembly 24 in FIGURE 
5), which allow the vertical position of the cylinder to be 
adjusted within plating tank 12 (in a set of end slots 26 
in the end walls of the plating tank that are adapted to 
form a leak-proof seal with the rotating cylinder assem- 
bly). The distance from the cylinder surface to the bas- 
ket system, which is placed underneath the cylinder, 
may thereby be adjusted, for example, according to the 
diameter of the cylinder. 

FIGURES 6 and 7 show an alternative embodiment 
of basket system 30a wherein basket compartments 
32a are made of a plastic material (such as polypropyl- 
ene according to a particularly preferred embodiment). 
Basket system 30a is supported by a combination of 
non-conducting weight-bearing support strips 43 (e.g. 
hangars) and conductive lead anodes 42a, both of 
which are bolted to rail 40. Support strips 43 cradle bas- 
ket system 30a, passing under basket compartments 
32a, to provide the primary supporting structure; lead 
anodes 42a pass through basket compartments and 
into electrical contact with nuggets 34a. Ultrasonic 
transducer elements 50a through 50d are also shown 
disposed beneath basket system 30 in FIGURE 7. 
According to an alternative embodiment shown in FIG- 
URE 9, the apparatus employs a basket system 30 with 
two sets of basket compartments 32 disposed beneath 
the rotating cylinder. In the alternative embodiments 
shown in FIGURES 8 and 9, a single transducer ele- 
ment 50 is positioned beneath basket system 30. 

Referring to FIGURE 11, according to a preferred 
embodiment, the ultrasonic system includes an ultra- 
sonic power generator 53 for transforming a commercial 
supply of electric power (e.g. typically provided at low 
frequency such as 60 Hz) to an ultrasonic frequency 
range (approximately 20 KHz), a transducer element 50 
for converting the high frequency electrical energy pro- 
vided by generator 53 into ultrasonic energy (i.e. acous- 
tical energy) to be transmitted into and through the 



electrolytic fluid, and a low voltage direct current (DC) 
power supply 54 for powering generator 53 and trans- 
ducer elements 50. As shown, ultrasonic transducer 
elements 50 are placed lengthwise under basket com- 
5 partment 32 (or titanium tray) and have the surface from 
which the wave energy is transmitted oriented in a man- 
ner to promote an even exchanging of ions through 
electrolytic fluid F along the entire length of cylinder 20. 
Ultrasonic energy transmitted from the surface is also 
w intended to agitate electrolytic fluid F and copper nug- 
gets 34 thereby to "stir up" the copper sludge that tend 
to form (so that its constituents return to or tend to 
remain in the solution), according to phenomena 
employed in ultrasonic cleaning applications. In the pre- 
is ferred embodiment, the frequency and amplitude of the 
ultrasonic wave energy is maintained at a level (e.g. 
near 20 KHz) that tends to minimize the cavitation 
action that results from ultrasonic energy. Alternative 
embodiments, however, may operate at higher frequen- 
ce cies (e.g. above 20 KHz), where cavitation action tends 
to result, or may operate over a varying range of fre- 
quencies. 

According to any preferred embodiment, the trans- 
ducer elements efficiently convert electrical input 

25 energy from the generator into a mechanical (acousti- 
cal) output energy at the same (ultrasonic) frequency. 
The power generator is located apart from the plating 
tank, preferably shielded from the effects of the plating 
solution. The transducer elements can be generally of a 

30 ceramic or metallic material (or any other suitable mate- 
rial), preferably having a construction designed to with- 
stand the effects of the plating solution in which they are 
immersed, and positioned to provide uniform energy 
(and thus uniform cavitation) throughout the basket sys- 

35 tern and rotogravure cylinder. (Exemplary transducer 
elements are described in the articles cited herein pre- 
viously and incorporated by reference herein.) As 
shown in FIGURE 9, a two basket system, ultrasonic 
energy (designated by reference letter U) will pass 

40 between the basket compartments to cylinder (not 
shown). In an alternative embodiment shown in FIG- 
URE 10, transducer element 50 is mounted in a sepa- 
rate compartment formed between plating tank 1 2 and 
holding tank 14 that does not contain the plating solu- 

45 tion; according to this embodiment the transducer ele- 
ment (or transducer elements) does not need to be 
designed to withstand the effects of the plating solution. 
Alternative embodiments may employ various arrange- 
ments of transducer elements to optimize plating (and 

so deplating) performance in view of design and environ- 
mental factors (such as the ultrasonic energy intensity, 
flow conditions, sizes, shapes and attenuation of the 
tank, basket system, cylinder, etc. 

The use of ultrasonic energy increases plating rates 

55 by facilitating rapid replenishing of metal ions in the 
cathode film during electroplating. The ultrasonic 
energy is also very beneficial in removing absorbed 
gases (such as hydrogen) and soil from the electrolytic 



5 



9 



EP 0 884 404 A2 



10 



fluid and the surfaces of other elements during the elec- 
troplating process. According to any particularly pre- 
ferred embodiment, the transducer elements are 
arranged to provide ultrasonic energy at an intensity 
(e.g. frequency and amplitude) that provides for uniform 
and consistent agitation throughout the plating solution 
suitable for the particular arrangement of tank, cylinder 
and basket system. As contrasted to mechanical agita- 
tion, which may tend to leave "dead spots" in the plating 
tank with where there is little if any agitation, ultrasonic 
agitation may readily be transmitted in a uniform man- 
ner (according to the orientation of the array of trans- 
ducer elements). 

Ultrasonic agitation according to a preferred 
embodiment will further provide the advantage of pre- 
venting gas streaking and burning at high current den- 
sity areas on the cylinder without causing uneven or 
rough deposits. As a result, the use of ultrasonic energy 
to introduce agitation into the plating tank produces a 
more uniform appearance and permits higher current 
density to be used without "burning" the highest current 
density areas of the cylinder like the edge of the cylin- 
der. (Usually the critical area of burning or higher plating 
buildup is the edge of the cylinder.) (Ultrasonic energy 
also can be used in chrome tanks to increase the hard- 
ness of the chrome, to increase the grain structure of 
the chrome and to eliminate the microcracks in chrome.) 

A further advantage of a preferred embodiment of 
the plating apparatus using ultrasonic energy is that it 
expands the range of parameters for the plating process 
such as current density, temperature, solution composi- 
tion and general cleanliness. The surface of a plated 
cylinder that used ultrasonic energy according to a pre- 
ferred embodiment will tend to have a much finer grain 
size and more uniform surface than a cylinder that used 
a conventional plating process. The plated surface 
hardness would typically increase (without any additive) 
by approximately 40 to 60 Vickers, evidencing a much 
finer grain structure. The use of ultrasonic energy in the 
plating process therefore allows a minimum or no pol- 
ishing of the cylinder while increasing the speed of 
deoxidizing of the nuggets and basket. 

ADDITIONAL ALTERNATIVE EMBODIMENTS 

According to additional alternative embodiments, 
the apparatus can be modified for plating or deplating a 
rotogravure cylinder with various metallic alloys or met- 
als directly out of solution (i.e. without using metallic 
nuggets). 

Apparatus 1 10 is shown in FIGURE 12. Many of the 
same elements of other embodiments described herein 
(e.g. apparatus 10) are present in apparatus 110. How- 
ever, apparatus 110 (shown without any baskets or 
associated elements) is adapted to plate cylinder 120 
directly out of an electrolytic fluid a plating solution con- 
taining a plating metal or metal alloy in a plating solution 
indicated by reference letter F. According to this embod- 



iment, cylinder 120 can be plated with any plating metal 
or metallic alloy. For example, cylinder 20a can be 
plated with chrome, zinc, nickel or other plating metal 
(including various alloys thereof) according to various 

5 processes known in the art. 

Apparatus 110 includes a plating tank 1 12 of a type 
shown in FIGURE 1 containing plating solution F at a 
level (indicated by reference letter L) regulated by the 
height of a weir 172. A rotogravure cylinder 120 to be 

10 plated (or deplated) is rotatably supported at its ends 
(e.g. upon an extending central shaft) to be submerged 
into the electrolytic fluid approximately one-half to one- 
third of the cylinder diameter. Cylinder 120 is rotatably 
supported at its ends by bearings within a journal, in 

is which it is rotatably driven by a suitable powering device 
(not shown). Cylinder 120, shown in FIGURES 12 and 
13 as one of a standard size (e.g., having a diameter of 
approximately 800 to 1500 mm); according to alterna- 
tive embodiments cylinders of other diameters may be 

20 accommodated. According to any preferred alternative 
embodiment, the tank system and cylinder mounting 
and drive system are of a conventional arrangement 
known to those of ordinary skill in the art of rotogravure 
cylinder plating. The electrolytic fluid is itself of a com- 

25 position known to those of ordinary skill in the art of 
electroplating. 

Conductive curved anode strips are electrically 
connected to current carrying rails 144 and mounted in 
plating tank to make electrical contact with the plating 

30 solution (electrolytic fluid F). For plating the cylinder, the 
rails are connected to an anode side of a plating power 
supply (e.g. a current source of known design) and the 
cylinder is connected to a cathode side of the power 
supply; for de-plating, the anode-cathode connections 

35 are reversed. When the cylinder is printed out (i.e. after 
having been plated and etched), it is returned to the 
plating apparatus and deplated so as to return the plat- 
ing metal to the solution. According to alternative 
embodiments, other conventional arrangements for 

40 effecting the electrical connections to the plating solu- 
tion (electrolytic fluid) and the cylinder may be 
employed. 

As shown in FIGURE 2, a mounting structure 143 
(oriented similarly to the anode strips) is mounted to 

45 (but not electrically connected to) rails 144. (Or it alter- 
natively can be mounted to the walls of plating tank 
1 12.) Disposed lengthwise along the bottom surface of 
mounting structure 143 (e.g. bonded or securely 
mounted thereto) are ultrasonic transducer elements 

so 1 50. Transducer elements 1 50 (shown as four elements 
150a through 150d) are electrically coupled to a control 
system (shown schematically in FIGURE 10) and are 
provided to introduce ultrasonic wave energy into plat- 
ing tank 112. Transducer elements 150 can be of a type 

55 disclosed herein or of any other suitable type known in 
the art. According to a particularly preferred embodi- 
ment, the transducer elements are designed to provide 
for operation in a frequency range of 15 to 30 KHz 
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(cycles), although other ultrasonic frequency ranges 
(above 40 KHz and beyond) may be employed. Trans- 
ducer elements 150 are configured and positioned to 
assist with the plating process (e.g. to facilitate consist- 
ency of ion migration through the electrolytic fluid), and 
to prevent any fouling buildup on the various elements 
of apparatus 110. 

As shown in FIGURE 12, according to a preferred 
alternative embodiment, the electrolytic fluid supply sys- 
tem functions as a closed circuit system. (As is appar- 
ent, this system is similar in structure and operation to 
other embodiments previously disclosed.) A supply of 
electrolytic fluid F is provided into plating tank 1 1 2 by at 
least one spray bar 1 62 (two are shown), which consists 
of a section of pipe or tube extending laterally along or 
near the bottom of plating tank 112. Each spray bar 1 62 
has a series of apertures along its length (similar to as 
shown at least partially in FIGURE 2) that provide for a 
constant and relatively well-dispersed flow of electrolytic 
fluid into plating tank 112 from a holding tank 1 14 (e.g. 
a reservoir). A holding tank 114 is disposed beneath 
plating tank 1 12 so as to capture any flow of electrolytic 
fluid travelling over weir 172 in plating tank 112. (Elec- 
trolytic fluid F is maintained at its own level in holding 
tank 114.) 

Electrolytic fluid may build up heat and increase in 
temperature over time during the plating (or deplating) 
process and therefore holding tank 1 14 is equipped with 
a fluid cooling system 116 (e.g. a suitable heat 
exchanger for such fluid of a type known in the art). 
Likewise, electrolytic fluid may need to be heated from 
an ambient temperature to a higher temperature at the 
outset of the plating process and therefore holding tank 
114 is also equipped with a fluid heating system 118 
(e.g. a suitable heat exchanger for such fluid of a type 
known in the art). The temperature regulating system 
for the plating solution can be coupled to an automatic 
control system that operates from information obtained 
by temperature sensors in or near one or both tanks, 
and to control other parameters that may be monitored 
during the process, according to known arrangements. 
Before the electroplating process begins, the ultrasonic 
system can be energized to provide for agitation of elec- 
trolytic fluid and for cleaning of the system to provide for 
better contact and plating performance. 

A pair of supply pipes 160 feed spray bars 162 with 
a supply flow of electrolytic fluid F. Supply pipes 160 
each are coupled to a circulation pump 164 (configured 
and operated according to a known arrangement that 
may or may not have a filter). Circulation pumps 164 
draw electrolytic fluid F from holding tank 1 14 into inlets 
in each of supply pipes 160 and force it under pressure 
into spray bars 162 where it is reintroduced through 
apertures into plating tank 112 for the electroplating 
process. Each of spray bars 162 extends along the bot- 
tom of plating tank 1 12, rising horizontally from holding 
tank 114 and turning at an elbow to run horizontally 
along and beneath mounting structure 143. According 



to alternative embodiments, the apparatus could 
include one pump coupled to either a single spray bar or 
a spray bar manifold system, or any other combination 
of elements that provide for the suitable supply of elec- 

5 trolytic fluid into the plating tank. 

An alternative embodiment is shown partially in 
FIGURE 13 (certain elements of the apparatus are not 
shown), wherein the apparatus 210 employs an ultra- 
sonic transducer element 250 that is cylindrical in shape 

10 (having a diameter of about 70 mm in a particularly pre- 
ferred embodiment). Transducer element 250 is shown 
mounted within plating tank 212 by a mounting structure 
243 (for example, as mounting structure 143 shown in 
FIGURE 12). According to alternative embodiments, a 

is mounting structure 243 integrated with the anode strips 
can be employed (compare FIGURE 3). As shown, one 
transducer element 250 is mounted underneath rotating 
cylinder 220 by mounting structure 243 (at or near the 
level of the curved anode strips below cylinder 220 

20 according to the preferred embodiment). One or more 
such transducer elements can be used according to 
alternative embodiments, for example, mounted in a 
spaced-apart arrangement along the mounting struc- 
ture beneath cylinder 220. Underneath transducer ele- 

25 ment 250 is placed a reflector 260 having a highly 
polished reflective surface shown mounted to side walls 
of plating tank 212. 

Reflector 260 is shown in the preferred embodi- 
ment as being of an integral unit having an arcuate 

30 shape, and extends substantially along the entire length 
of cylinder 220 (as does transducer element 250). Alter- 
natively, the reflector can be provided with any other 
suitable shape (such as parabolic or flat or multi-fac- 
eted) or in segments. Transducer element 250 when 

35 energized will transmit wave energy (shown partially by 
reference letter U) in a substantially radial pattern 
through the plating solution, including toward cylinder 
220 and against reflector 260 which will reflect the wave 
energy back to cylinder 220 and related structures 

40 (such as the anode strips). The direct and reflected 
ultrasonic wave energy is intended to keep the surfaces 
of the cylinder and related structures free of fouling 
buildup and to facilitate the plating process. 

According to any preferred embodiment, ultrasonic 

45 wave energy can be used in the plating (and deplating) 
of various metals and metal alloys to the cylinder, as in 
chrome plating and also for plating alloys of zinc, nickel, 
etc. The ultrasonic system according any particularly 
preferred alternative embodiment will be capable of 

so generating between two to six kilowatts of power; the 
system will provide ultrasonic energy at a frequency 
between 10 to 40 KHz (cycles per second). 

As shown in FIGURE 14, in alternative embodi- 
ments (similar to that shown in FIGURE 13), other con- 

55 figurations of transducer elements (e.g. cylindrical in 
shape with a circular profile) can be employed. For 
example, four transducer elements 350a through 350d 
(shown in phantom lines) can be mounted in plating 
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tank 312 at the sides of cylinder 220 (by a mounting 
structure fixed to the walls or base of the plating tank or 
some other suitable structure, not shown) According to 
an alternative embodiment, two transducer elements 
(e.g. 350b and 350d) can be used instead of four. 5 
(Transducer element 250 mounted by structure 243 and 
reflector 260 are also shown.) As is evident, a wide vari- 
ety of transducer configurations can be made within the 
scope of the present invention, with any preferred 
embodiment including at least one transducer element 10 
positioned in or near the plating tank so that the benefi- 
cial effect of ultrasonic energy can be realized during 
the electroplating process. As FIGURE 14 shows, such 
arrangements of transducer elements 350a through 
350d (and 250) can also be employed in alternative 75 
embodiments used in connection with an electroplating 
apparatus that uses metal nuggets 334 maintained in 
basket compartments 332 (similar in arrangement to 
other embodiments described herein). 

Although only a few exemplary embodiments of this 20 
invention have been described in detail above, those 
skilled in the art will readily appreciate that many modi- 
fications are possible in the exemplary embodiments 
(such as variations in sizes, shapes and proportions of 
the various elements) without materially departing from 25 
the novel teachings and advantages of this invention. 
Accordingly, all such modifications are intended to be 
included within the scope of the invention as defined in 
the following claims. In the claims, each means-plus- 
function clause is intended to cover the structures 30 
described herein as performing the recited function and 
not only structural equivalents but also equivalent struc- 
tures. 

Other substitutions, modifications, changes and 
omissions may be made in the design, operating condi- 35 
tions and arrangement of the preferred embodiments 
without departing from the spirit of the invention as 
expressed in the appended claims. 

Claims *o 

1. An apparatus for electroplating and deplating a 
rotogravure cylinder out of a plating solution, the 
apparatus comprising: 

45 

a plating tank adapted to rotatably maintain the 
cylinder and to contain the plating solution so 
that the cylinder is at least partially disposed 
into the plating solution; 

a mounting structure mountable within the plat- so 
ing tank partially on each side of and generally 
below the cylinder; 

a plurality or conductors comprising elongate 
metallic strips at least partially disposed within 
the plating solution; ss 
a current source electrically connected to the 
upper portions of the conductor strips and to 
the cylinder; 



an ultrasonic system to introduce wave energy 
into the plating solution including at least one 
transducer element mountable within the plat- 
ing tank to the mounting structure and a power 
generator adapted to provide electrical energy 
to the at least one transducer element. 

2. The apparatus of Claim 1 wherein the at least one 
transducer element is disposed within the plating 
tank. 

3. The apparatus of Claim 1 wherein the at least one 
transducer element is positioned adjacent to the 
cylinder and along the substantia) entirety of a 
length of the plating tank. 

4. The apparatus of Claim 1 wherein the at least one 
transducer element comprises a surface material 
substantially resilient to the plating solution. 

5. The apparatus of Claim 1 wherein the ultrasonic 
system is configured to provide wave energy at var- 
iably selectable frequency in the ultrasonic range. 

6. The apparatus of Claim 5 wherein the ultrasonic 
system is configured to provide wave energy at a 
frequency of approximately 20 KHz. 

7. The apparatus of Claim 5 wherein the ultrasonic 
system is configured to provide wave energy at a 
frequency in a range between 15 KHz and 40 KHz. 

8. The apparatus of Claim 1 wherein the at least one 
transducer element has a substantially cylindrical 
shape. 

9. The apparatus of Claim 1 wherein the at least one 
transducer element comprises four transducer ele- 
ments mounted within the plating tank. 

10. The apparatus of Claim 1 wherein the at least one 
transducer element comprises a first transducer 
element configured to assist ion movement and a 
second transducer element configured to maintain 
the plurality of nuggets substantially free of sludge. 

11. The apparatus of Claim 1 further comprising a 
reflector disposed in the plating tank beneath the 
cylinder and beneath the at least one transducer 
element. 

12. The apparatus of Claim 1 further comprising: 

a holding tank disposed beneath the plating 
tank; 

a circulation pump providing a flow of plating 
solution from the holding tank to the plating 
tank; and 
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a weir maintaining a level of plating solution in 
the plating tank. 

13. An apparatus for electroplating and deplating a 
rotogravure cylinder, the apparatus comprising: 

a plating tank adapted to rotatably maintain the 
cylinder for rotation about a horizontal axis and 
to contain a plating solution so that the cylinder 
is at least partially disposed into the plating 
solution; 

a holding tank disposed beneath the plating 
tank; 

a mounting structure mountable within the plat- 
ing tank partially on each side of and generally 
below the cylinder; 

a plurality of conductors comprising elongate 
metallic strips at least partially disposed within 
the plating solution having upper protectively 
coated portions disposed above the structure, 
and lower bare portions extending downwardly 
along inner sides of the tray, the lower portions 
being arcuate and concentric with the cylinder; 
a current source electrically connected to the 
upper portions of the conductor strips and to 
the cylinder; and 

an ultrasonic system to introduce wave energy 
into the plating solution including at least one 
transducer element mountable within the plat- 
ing tank and a power generator adapted to pro- 
vide electrical energy to the at feast one 
transducer element. 



further comprises a fluid heating system and a fluid 
cooling system. 

20. The apparatus of Claim 19 wherein the mounting 
structure is the conductor strips. 



15 



20 



25 



30 



14. The apparatus of Claim 13 further comprising: 



35 



a circulation pump providing a flow of plating 
solution from the holding tank to the plating 
tank; and 

a weir maintaining a level of plating solution in 
the plating tank. 40 



15. The apparatus of Claim 13 wherein the ultrasonic 
system further comprises a generator for providing 
energy at an ultrasonic frequency to the at least one 
transducer element so that ultrasonic energy is 
introduced into the plating solution. 



45 



16. The apparatus of Claim 14 further comprising a 
reflector disposed in the plating tank beneath the 
transducer element. 



so 



1 7. The apparatus of Claim 1 4 wherein the at least one 
transducer element is cylindrical in shape. 

18. The apparatus of Claim 14 wherein the reflector ss 
has an arcuate cross-section. 



19. The apparatus of Claim 18 wherein holding tank 
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